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is raised to 10. The data in Table 1 show that the
Cr3+, Fe3+, La3+, Nd3+, Pr3+, Zr4+ and Th4+ form 1: 1
complexes only and Agl+, Mn2+, Co", Ni2+, Cu-",
Zn-" and UOi+ form both the 1: 1 and 1: 2 com-
plexes. The order of stability of 1: 1 and 1: 2
complexes of bivalent metal ions is UO~+>CU2+
>Ni2+>Znc+>C02+>Mn:'+ which is in agreement
with the general order of stability given by Irving
and Williams",
One of us (S.P.) is thankful to the CSIR, New
Delhi, for the award of a junior research fellowship.
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Hydrazine, methylhydrazine, semicarbazide and
hexacyanoferrate(lI) have been oxidized with excess
of metaperiodate under suitable conditions. The
equivalent amount of iodate liberated is treated with
potassium iodide in chloroacetic acid buffer and the
iodine liberated by titrating with standard sodium
thiosulphate after masking the excess metaperiodate
with molybdate.
SI~GH and coworkers have used metapcriodat cas an oxidizing titrant for the determination
of hydrazinc and its derivatives under the conditions
of Andrews and Lang-- 2. In the presence of bicar-
bonate, reduction of met aperiodatc with hydrazinc,
methylhydrazirie and sernicarbazide goes only up to
iodate stage. Similarly, in the presence of boric
acid, met aperiodat e is reduced to iodate with
hexacyanoferratetl.I)". Since the iodate formed
in these reactions is stoichiometrically related to
the amount of hydrazine, methylhydrazinc, semi-
carbazide and hexacyanoferrat efl I) taken, it would
be better to determine organic compounds by
titrating the iodate and hexacyanoferrate(II) by
titrating the iodate and hexacyanoferratetl H)
formed", Under the conditions each organic mole-
cule and hexacyanoferraterl I) ion would give rise
to twelve and eight iodine atoms respectively. With
this background, we describe in this note a sensitive
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method for the estimation of hydrazine, methyl-
hydrazine, semicarbazid e and hexacyanoferraterl I)
using periodate.
All the chemicals used were of AR (BDH or
E. Merck) grade. Solutions of hydrazine sulphate,
methylhydrazinc sulphate, semi carbazide hydro-
chloride and potassium hexacyanoferratetl I) were
prepared in distilled water and standardized by
iodine.
Chloroacetic acid buffer was prepared by dissolving
25 g of the substance in 70 ml distilled water and
its PH adjusted to 2·9 with strong sodium hydroxide
solution.
2.M molybdate solution was obtained by dissolv-
ing ammonium molybdate in hot distilled water.
Determination of hydrazine, methylbydrazine and
semicarbazido - A suitable aliquot of the substance
to be determined was added to aq. sodium bicar-
bonate (10 ml, 1%) containing an excess of potas-
sium metaperiodate (50-100 mg). The contents
were shaken for 2-3 min and molybdate solution
(10 ml, 2["1/) followed by same volume of chloroacetic
acid buffer and 1 g of potassium iodide were, added.
The contents of the flask were thoroughly mixed
and the iodine liberated was titrated against O·lN
sodium thiosulphate. The results are recorded in
Table 1.
Determination of hexacy(moferrate(II) - To an
aliquot containing 40-90 mg of hexacyanoferrate(II)
was added 0·5 g of boric acid and an excess of
1% so.lium mctupcr iodat c solution (5-10 ml). The
reaction mixture was kept at room temperature for
2-3 min to complete the reaction and 10 ml of 2M
ammonium molybdate followed by 10 ml of chloro-
acetic acid buffer were added. The reaction mixture
was then treated with 1 g of potassium iodide and
10-lS rnl of 3% zinc sulphate solution and set aside
for 2 min. The liberated iodine was titrated with
O'lN sodium thiosulphat e. The results are given
in Table 1.
It has been r('Portec~4 that periodat e can be
masked with molybdate whereas iodate remains
TABLE 1 - ESTI'IIATIOX OF HYDRAZIKE, l\[ETHYLHYDRAZINE,
SE:\IICARBAZIDE AKD 1-1FXACYAKOFERRATE(II)
Hyd razine (rng) l\Iethylhydrazine (mg)
Taken Founel Taken Found
2'33 2·23 2·85 2·86
2·72 2-61 3·32 3·34
311 2·97 3·80 3·80
3·50 3·+9 4·27 4·27
3·89 3·84- 4· 74- 4·75
+·28 4·2+ 5·22 5·19
Semicarbaz ide Hexacyanofcrrate(II)
(mg) (mg)
Taken Found Taken Found
5·13 5'13 41·98 41·87
5·99 6·00 55'97 55'92
6·84 6·75 61·56 61-48
7·70 7·75 69·96 70·23
8'55 8·50 75'56 75'53
9·41 9·38 83·95 84'01
unaffected. The same masking effect has been
utilized presently.
The amount of iodate formed in reactions with
hydrazine, methylhydrazine and sernicarbazide
corresponds to the amount of the substance taken.
The iodate reacts with iodide in the presence of
chloroacetic acid buffer to liberate twelve atoms
of iodine as per reaction (1).
... (1)
In the case of liexacyanoferrate (II), the reaction
can be represented by Eqs. (2) and (3).
2[Fe(CN)6J3-+ZnC+ +2K+ +21--;:.-K2Zn3[Fe(CX)612+12
... (2)
1°3+51- +6H+ ..--;:.3I2+3H20 ... (3)
Since the iodate and hexacyanoferratefl l l) formed
correspond to the amount of hexacyanoferraterl I)
taken initially, the overall liberation of iodine can
be represented by Eq. (4)
... (4)
The titration of io.line liberated makes the method
highly sensitive and suitable for the determination
of small amounts of these compounds. It utilizes
only one standard solution and as such has an edge
over the methods which required more than one
standard solutions''.
In the determination of hexacyanoferratefl I)
interference due to nitrate, sulphate, phosphate,
acetate, chloride, bromide and arsenate has been
studied by adding 100 mg of each ion and it has been
found that they do not interfere. Antimoriate and
oxalate interfere by reacting with iodide and
demasking periorlate respectively.
The authors express their thanks to Prof. H. L.
Bhatnagar for his keen interest and encouragement.
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U(VI) or Mo(VI) has been estimated successfully by
titration with Fe(II) in H2P04 (11·5-12·5M) and V(IV)
in H2P04 (10·5-12·0M) medium using cacotheline as
indicator.
NOTES
THE use of Fe(Il) as spectrophotometric and
titrimetric reagent for the determination of
U(VI)l,2, Mo(VI)3 and V(IV)4,5 has been investigated
by a number of workers. In this note the use of
cacothelirie as indicator is extended in the titrimetric
determination of U(VI), J\10(VI) and V(1V) with
Fe(II) ill H3P04 medium.
All the reagents used unless otherwise mentioned
were of AR (BDH) grade. A 0'2% cacotheline
solution (99-99-5%) was used. Ammonium molyb-
date solution (a-IN) was prepared and standardized",
A solution (O·OS.LVi) of uranyl acetate in l'ON H2S04
was prepared and after reduction in Jones'
reductor, it was standardized according to the
procedure of Gopala Rao and coworkers", V(IV)
solution was prepared and standardized using
KMn04 (ref. 8). Mohr's salt solution (a-2M) was
prepared in O-SN H2S04 and standardized using
K2Cr207•
Procedure - Carbon dioxide was bubbled for 10
min through a solution containing required amount
of syrupy phosphoric acid [12M in the case of U(VI)
and Mo(VI) and 11M for V(IV) when diluted to
40 ml] and an aliquot of the test solution. The
titration of this solution was carried out with
Fe(II) by adding 1 ml of cacotheline near the end-
point to a sharp colour change from yellow to pink.
Since a part of the indicator was destroyed if added
at the beginning, the addition of indicator near the
end-point was recommen ded. The indicator correction
was found to be 0-02 ml of 0'2N Mohr's salt in all
the three cases.
U(VI), Mo(VI) and V(IV) can be determined
with Fe(II) in the range 10-73, 10-65 and 5-44 mg
with average errors of ±0'17, ±O'lS and ±0'21%
respectively.
As (III) , Sb(III), Ni(Il), Mn(II), Ba(Il), Mg(II),
Zn(II), Pb(Il) , chloride, acetate, sulphate, bromide,
and \V(VI) did not interfere in the estimation but
nitrate and nitrite interfered.
The visual estimation of U(VI) (ref. 2), Mo(VI)
[ref. 3) and V(IV) (ref. 5) suffers the disadvantage
of the difficulty in the colour transition at the
equivalence point and at higher concentrations and
thus fixes a limit, for the estimation of these ions,
The use of cacotheline not only offers a sharp
colour change at the equivalence point, but also
allows the determination of higher amounts of the
ions mentioned
We acknowledge the CSIR, New Delhi, for the
award of a senior research fellowship to one of us
(Y.P.R.).
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